Abstract: This paper presents an assessment of the spatial quality of a pedestrian street located in downtown Bauru, São Paulo State, Brazil, from the application of some urban sustainability indicators. Multi-method was used to evaluate the thermal comfort quality of users, urban accessibility and preservation of architectural heritage. The results show that the sustainability indicators, apart from being effective tools in identifying problems, can assist local managers in decision making, planning and monitoring of pedestrian public space. These indicators contribute to a broad diagnosis of the pedestrian street and also the formulation of programs, projects and municipal policies, aimed at providing a better life quality for pedestrians.
Introduction


In recent decades, urban experts and decision-makers have incorporated the theme of "sustainability" in discussions about urban development due to spatial degradation and decrease of life quality experienced in cities. In Brazil, this issue gained prominence since the United Nations Conference on Environment and Development, held in Rio de Janeiro in 1992, known as Rio 92 [1] .
From this new concept, a set of indicators was created to measure the degree of sustainability of a country, state or city, incorporating the environmental, economic and social areas, and covering different evaluation levels and/or evaluation environments: the built environment and infrastructure; buildings and materials, among others [2] .
The indicators can be considered planning instruments, because they were created with the purpose of assisting in the choice of policy alternatives, indicating the goal and direction for decision making.
In the urban environment, sustainability indicators can subsidize actions to be implemented by local administrators, in the recovery of degraded areas, revitalization of central areas and/or implementation of new projects in order to contribute to urban vitality and, hence, improve the quality of life in cities. For revitalizing, downtown areas should be considered the building preservation and its near context, it is therefore the urban network and buildings constituting an identity that must be preserved [3] .
There is still great difficulty in assessing the potential of urban space, from an instrument that can incorporate different areas of knowledge [1] . Authors such as Romero [4] , Lopes [2] and Huang et al. [1] have developed studies of urban sustainability indicators that can be used to assess the quality of the built environment.
In Brazil, Romero [4] shows that public space can be analyzed by incorporating the following indicators: comfort in outdoor spaces and buildings, accessibility, the mobility and accessibility of vehicles, segregation, urban complexity, energy efficiency, hydraulic efficiency and edification efficiency.
On the other hand, Lopes [2] extends this analysis showing other aspects, which include, among other things, issues related to natural ecosystems, energy, water, materials, air emissions, noise, landscape and heritage (protection and enhancement of heritage).
In this context, this paper seeks to contribute to a system of indicators which allows to evaluate the spatial quality of pedestrian streets, using different methods.
These indicators were used in a case study on a pedestrian street located in the central area of the city of Bauru, in the São Paulo State, Brazil, to evaluate the quality of the thermal comfort of users, urban accessibility and preservation of architectural heritage.
Study Area
The pedestrian street analyzed is known as "Calçadão" of Batista de Carvalho Street. It is located in the central area of Bauru (latitude 22°35' S and longitude 49º31' W), medium-sized city located in the center west region of São Paulo ( Figs. 1 and 2 ).
Its climate is Aw type, according to Koeppen climate classification for the São Paulo State, where the climate is tropical with dry winter of average temperature of over 18 °C. The city has a population of approximately 344,000 inhabitants, distributed in an area of 668 km 2 [5] .
In general, the pedestrian streets are treated spatially with specific equipment and furniture in order to ensure greater convenience and comfort to users, as is the case of the analyzed street, which has 
Materials and Methods
The formulation of urban sustainability indicators to assess the spatial quality of a pedestrian street had the studies carried out by Romero [4] , Lopes [2] , Huang et al. [1] , Queiros and Portela [6] , Blanco [3] and Salcedo [7] as reference. Thus, indicators related to the quality of thermal comfort (microclimate), quality of urban accessibility (pedestrian accessibility) and quality of patrimony (preservation of architectural heritage) were adopted. 
Microclimate
The research on thermal comfort conditions in the pedestrian street was held in different weather conditions (cold and hot) and was based on the research conducted by Faustini and Fontes [8] . This research includes monitoring the microclimate (air temperature, air humidity, global solar radiation and air velocity) and questionnaires to identify the thermal sensation and satisfaction of users with the space.
A mobile meteorological station with sensors for air temperature, relative humidity, air velocity and solar radiation was used to monitor the microclimate variables. The microclimate monitoring was performed in two days in September 2008 and three days in March 2009, during the morning (9 am to 12 pm) and afternoon (2 pm to 5 pm) in three different blocks of streets (1, 3 and 5) with different usage characteristics, occupation and FVS (sky view factors).
These data allowed to calculate the thermal comfort condition through PET (physiological equivalent temperature) index, introduced by Mayer and Höppe [9] using the software RayMan [10] , and evaluate the percentage of people feeling comfortable in both periods considering the range of 18~26 ºC thermal neutrality, according to studies carried out in pedestrian public spaces in cities in São Paulo State [11] . A scale was adopted to quantify the sustainability indicator in microclimatic aspect: from very bad to excellent (0%~20%, very bad; 21%~40% bad; 41%~60% regular; 61%~80%, good; 81%~100%, excellent), regarding the percentage of people comfortable in cold and hot weather conditions.
Accessibility
The urban accessibility was evaluated by indicators proposed by Fruim [12] , Ferreira and Sanches [13] , Magagnin et al. [14] , Sarkar [15] , which enabled the assessment and monitoring of the infrastructure for pedestrians through three themes: (1) comfort quality; (2) security quality; (3) environmental quality. Data collection involved field work (by conducting on-site observations, measurements and photographic survey) and questionnaires for the users.
The questionnaires used in this research were developed and tested in 2008 and, for this reason, a pilot test was not conducted. The questions consisted of open and closed answers (multiple choices) that allowed to identify the user profile and evaluate the accessibility of the site by the road infrastructure available under the viewpoint of the user responses, both qualitatively and quantitatively. The photographic records were also used and allowed to identify the accessibility issues highlighted in the questionnaires.
A sample of 85 people of different age groups participated in this evaluation. The method of multi-criteria analysis was adopted and the 5-point rating scale was chosen because it could be easily understood by the target audience of the research. The scale is composed of the following values: 1 (very bad), 2 (bad), 3 (regular), 4 (good) and 5 (excellent).
The analysis was performed using the ranking of indicators by level of importance and themes (comfort quality, security quality and environmental quality). Initially, the average weights of each criterion were calculated by reviewer. Subsequently, the mean values of each weight were calculated by indicators and their respective rankings were set.
Preservation of Architectural Heritage
The analysis of the degree of preservation of architectural heritage was based on the Decrees of Tipping issued by CODEPAC [16] and comparison of the building original facades with the current ones. A scale of values was assigned for this analysis: excellent, when the property was restored according to the its original features; good, when the property is preserved with its original features; regular, when the original color of the facade was changed in the intervention of the property; bad, when the property was undergone interventions that partially mischaracterized it (expansion of doors, windows, etc.) but can still be restored to recover its original features; and very bad, when the building was completely mischaracterized [17] .
As elements of analysis of the architectural heritage ambience, the following aspects were considered: height gauges, elements and material of finishes of the facades and street furniture (materials used in finishing).
Results and Discussion
The analysis of the results concerning the application of urban sustainability indicators on Batista de Carvalho Street is presented in the following order: microclimate, urban accessibility and historic preservation.
Microclimate Analysis
The analysis of the conditions for thermal comfort on the pedestrian street "Batista de Carvalho", in hot and cold weather, showed significant differences in both periods. In cold weather (two days in September 2008), the microclimatic conditions showed low temperatures in the morning and high temperatures in the afternoon, with average temperatures ranging from 18.6 °C (morning) to 25.1 ºC (afternoon). The relative humidity showed higher values during the mornings (55.35%) than in the periods of the afternoon. During three days of March 2009, the days were characterized by hot and humid weather (27.9 °C and 63%) in the mornings, and hot and dry in the afternoon (30.7 ºC and 44.5%).
The calculation of the comfort PET index for the first observation period (September 2008) revealed a higher percentage of people feeling comfortable, around 70%~80% of people interviewed. In this period, the causes of discomfort were the low temperatures and cold winds in the morning. However, the analysis of the PET index in the second period (during the month of March 2009) showed a thermal discomfort in 100% of users. The thermal dissatisfaction was attributed to high temperatures during the day and low relative humidity observed especially in the afternoon.
These results allow the evaluation of the sustainability indicators of the area in relation to thermal comfort conditions in both periods. In the first period, the evaluation was good, since a range of 71%~80% of comfortable persons was observed. In the second case, the assessment was very bad (0%~20%), which highlights the need for a project-intervention, with the aim of reducing the high temperatures in summer and humidifying the air during the afternoons in both periods.
Urban Accessibility Analysis
The analysis of urban accessibility identified the main problems related to the quality of the infrastructure for pedestrians (comfort, safety and the environment) in this public space (Table 1) .
In the analysis of the partial rank column, the cells in light gray show the most important problems being considered by theme evaluated and the scale adopted by relevance order of the indicator.
On the theme comfort quality, it was identified that the major problems in this space were related to the presence of steps in access to commercial establishments, with high density of pedestrians (especially on Saturdays and near holidays) and loose flooring, consisting of Portuguese stones that hinder walking.
When analyzing the data relating to the theme of security quality, a fact that stands out is the absence of ramps (constructed in accordance with technical standards) and their proper conservation, which allows free access to all blocks of this street. Another finding was the bad visibility when crossing the streets to access other blocks of the pedestrian street. In some places, there is no visibility of the vehicles coming and that can endanger a safe crossing.
Regarding the environment quality, the survey showed the following deficiencies: lack of shading areas (of buildings, marquees or trees) and lack of adequate illumination at night, which compromise the security to users. In the first case, as the city has a very hot climate, the lack of shading causes a lot of discomfort to users.
The analysis of the total ranking emphasizes that the most important indicators (the first five positions, which represent the biggest problems) for users of the pedestrian street, belonged to the theme environmental quality (related to sun light, illumination, trees, noise and air pollution) followed by the theme security quality and comfort quality. According to the data presented in the questionnaire, it was possible to calculate the rate of urban accessibility for this space. This index was performed by calculating the mean values assigned to each user for 23 indicators.
The results indicated that 9% of respondents consider the space with bad accessibility, 29% think the place has good accessibility and 61% consider it inaccessible (or with regular access). These data show that, for this site to be considered sustainable in terms of accessibility, it is necessary that the municipality adopts some urban interventions, aimed at solving the problems identified in Table 1 , adopting measures in the short, medium and long terms.
Preservation of Architectural Heritage Analysis
The pedestrian street consists of several buildings dating from the early 20th century in Art-Deco and Eclectic style. However, only three buildings were listed by the board of preservation of local heritage (CODEPAC): Lusitana House, Older Commercial House and Pagani Palace (Fig. 3) . In general, the act of declaring the existing buildings on Batista de Carvalho Street as public heritage aims at the preservation of their facades, with their component elements (ornamental, window frames and finishing materials) and their volume.
Lusitana House and Older Commercial House suffered interventions on the facades. The former had its original color changed and the latter suffered alterations that mischaracterized the original building, such as enlargement of the doors at the ground floor of the facade and change of its original color. The Pagani House was restored keeping its original features, therefore, its conservation status is good (Table 2) .
Regarding the analysis of the area of ambience, the conservation status of the buildings is classified as regular and bad. To accommodate trade and services on the ground floor, these buildings have suffered mischaracterization of facade (opening of new doors and broadening the existing ones, installation of commercial signage which pollutes the facades, etc.) and change of the original color.
These factors contribute to the loss of historical and architectural values. Therefore, to improve the quality of the built environment of the pedestrian street "Batista de Carvalho" is necessary to restore the facades recovering its original features and replace the commercial advertisements by smaller ones, becoming part of the composition of the building and not causing visual pollution.
Spatial Quality
To evaluate the spatial quality of this pedestrian street and set its level of urban sustainability, the same scale of values (very bad to excellent) used in the individual analysis (by indicator) was adopted.
According to the results obtained with the application of the three indicators, it can be stated that Batista de Carvalho Street has a regular level of sustainability (Table 3) . To achieve a better performance, it is necessary that local urban managers implement measures to minimize the problems of high temperatures during the summer, the questions about the accessibility of users and the restoration and preservation of buildings.
Conclusions
The application of urban sustainability indicators for the evaluation of pedestrian streets allowed the identification of several urban problems related to microclimatic, aspects of urban accessibility and maintenance, preservation of the public space and buildings that are interfering with spatial quality, attractiveness and permanence of users. In order to widen the level of sustainability in these aspects, there is a need for: (1) protection from direct solar radiation to improve thermal comfort conditions for pedestrians; (2) implement interventions to improve spatial accessibility based on the accessibility of Brazilian Technical Standard (NBR 9050); (3) regulate the process of restoring the facades allowing reconstitution of its original features and their ambiences.
Considering these results, it can be stated that the proposed indicators are intended to contribute to similar analyzes, contributing to: (1) composing a system of urban sustainability indicators, which can assist local managers in decision making, planning and monitoring of pedestrian public space; (2) the achievement of a broad analysis of the pedestrian street, in order to propose guidelines that, at short and medium term, can be implemented, and thus, make the space more sustainable; (3) the formulation of programs, projects and municipal policies, aimed at providing a better quality of life for pedestrians.
For the future, researches recommend expanding the urban sustainability indicators to evaluate the other parameters that affect the spatial quality of pedestrian space, such as: visual and acoustic comfort, aesthetics aspects, urban equipments among others.
